In recent years much progress has been made in the understanding of the genes and mechanisms involved in speci®cation of the cells of the endoderm, which give rise to the epithelium of the gut and respiratory system. However, little is known about the way in which the gut becomes patterned along its anterior±posterior axis, that is, how boundaries are established between the different epithelia of the gut tube. Here we show that the expression patterns of ®ve genes divide the Xenopus tadpole gut epithelium into at least four regions along this axis in the undifferentiated, 3-day-old gut (stage 41), and that these divisions are maintained until at least 7 days, when cell differentiation is well under way. In addition, the restricted expression patterns of these genes clearly mark the anterior and posterior boundaries of the intestine. Xsox2 is expressed in the anterior gut, spanning the oesophagus and stomach but terminating at the stomach/intestine boundary. Xcad1 and Xcad2, two caudal-type homeobox genes, are expressed in a region with an anterior limit at this boundary and a posterior limit between the colon and proctodeum, therefore covering the whole of the small and large intestines. Intestinal fatty acid binding protein (IFABP) is expressed only in the anterior small intestine, and the even-skipped homeobox gene Xhox3 is expressed in the most posterior part of the gut, the proctodeum. q
Regionalization of the Xenopus gut epithelium
At 3 days of development (stage 41; Nieuwkoop and Faber, 1967) the Xenopus gut consists of a fairly thick tube running from the anterior opening, the pharynx, to the posterior opening, the proctodeum. The pharynx leads into the oesophagus, which in turn leads into the stomach, then the intestine and ®nally, the proctodeum. The pancreas, liver and gall bladder are connected to the duodenum and lie in the kink of the gut formed by the oesophagus, stomach and intestine.
From the third to seventh day of development (stages 41± 46/47; Nieuwkoop and Faber, 1967) radial intercalation by the endodermal cells causes the gut to become much longer and narrower (Chalmers and Slack, 2000) . The gut tube forms a complex double coiled structure and differentiation produces distinct epithelial cell types in the individual organs (Chalmers and Slack, 1998) . In addition, the stomach has resolved into two regions, the main body of the stomach (anterior) and the transitional zone (posterior), a structure not found in chick or mammalian gut, but common to other amphibia (Barrington, 1946; Bodegas et al., 1997) . The transitional zone epithelium, like that of the stomach, contains ciliated and mucus-secreting cells, distinct from the columnar epithelium of the intestine and is therefore considered here to be a part of the stomach.
Xsox2
The Sry HMG box gene Xsox2 has previously been shown to be expressed during neural induction (Mizuseki et al., 1998) . Here, we show that Xsox2 is also a marker of the anterior gut epithelium. At 3 days of development (stage 41), Xsox2 is expressed in an anterior domain spanning the future oesophagus and stomach (Fig. 1A) , but not in the pancreas or the liver. This anterior domain of expression, terminating at the distal end of the stomach, is identical to that reported for chicken Sox2 (Ishii et al., 1998) . Interestingly, a second domain of Xsox2 expression was noted in the extreme posterior gut epithelium, encompassing the future proctodeum (Fig. 1A) . This second, posterior, region was not reported for chicken Sox2 (Ishii et al., 1998) .
The anterior expression domain is maintained in the 7-day gut ( Fig. 2A,B ), when it can be resolved into two subdomains. Firstly, there is a region of lower expression, which extends through to the posterior end of the main body of the stomach (marked 1 in Fig. 2B ). Posterior to this, there is a strongly expressing domain extending from the distal stomach through the transitional zone and terminating at the transitional zone/intestine border (marked 2 in Fig. 2B ). Interestingly, Sox2 expression is also seen in the pancreas, but not in the liver, by this stage ( Fig. 2A,B) . The early expression of Sox2 in the proctodeum is much reduced in later stages of development, becoming very weak by 7 days of development ( Fig. 2A,C) . Like the proctodeum expression, the pancreatic expression of Sox2 has not been reported in the chick gut, raising the possibility that these two more dynamic areas of expression may not be conserved between the two species.
IFABP
The expression of Xenopus IFABP in the tadpole gut has been previously described (Shi and Hayes, 1994; Chalmers and Slack, 1998) , and is included here for comparison only. IFABP expression is restricted to part of the epithelium of the small intestine (Figs. 1B and 2D±F) . At 3 days of development (stage 41), the anterior expression boundary of IFABP corresponds to the posterior boundary of Xsox2 (Fig. 1B) . At 7 days the anterior boundary of IFABP expression corresponds to the transitional zone/intestine boundary (Fig. 2D,E) , again matching the Xsox2 posterior boundary (compare Fig. 2B and E) . Posteriorly, IFABP expression terminates midway along the small intestine, before the boundary with the colon (marked by an arrowhead in Fig. 2F ).
Xcad1 and Xcad2
Xcad1 and Xcad2 are the homologues of mouse Cdx-2 and Cdx-1 respectively (see Table 1 ) and both genes are expressed in the ventral/posterior regions during early embryonic development Pillemer et al., 1998) . Homologues of these genes are expressed in both the chick and mouse embryonic intestinal epithelium, and there is much evidence their involvement in patterning of the intestine in both chick and mouse James et al., 1994; Chawengsaksophak et al., 1997; Ishii et al., 1997; Marom et al., 1997) . Here, we show that expression of both Xcad1 and Xcad2 in the 3-day Xenopus tadpole gut epithelium appears identical, with expression spanning the entire intestine, from the stomach/intestine boundary to the colon/proctodeum boundary (Fig. 1C,D) . The anterior boundary of expression matches that of IFABP and the posterior boundary of Xsox2. The posterior boundary of Xcad1 and Xcad2 expression matches the anterior boundary of Xhox3 expression or of the posterior domain of Xsox2. This intestinal expression is maintained until at least day 7 with both boundaries remaining unchanged (Fig. 2G±L) . A third Xenopus cdx gene, Xcad3, was not expressed in the gut (data not shown).
Xhox3
Xhox3 is the Xenopus homologue of the Drosophila evenskipped and mammalian evx homeobox genes (Ruiz-iAltaba and Melton, 1989) . Xhox3 is expressed in the posterior of the embryo early in development and ®rst appears in the future proctodeum at the end of gastrulation (Beck and Slack, 1998). Expression of Xhox3 begins at the posterior boundary of Xcad1/2 expression and is restricted to the epithelium of the proctodeum (Fig. 1E) . At 3 days of development this corresponds to the posterior domain of Xsox2 (Fig. 1A) . In the 7-day-old gut Xhox3, unlike Sox2, is still strongly expressed in the proctodeum (Fig. 2M±O) . There is Table 1 Caudal family groupings based on homology as reported in Marom et al. (1997) 
Mouse
Chick Xenopus no anterior domain of Xhox3 expression in the gut. Interestingly, the Drosophila homologue even-skipped is expressed in and required for development of the hindgut, in addition to its earlier pair rule function (Gor®nkiel et al., 1999) .
Methods

Whole-mount gut in situ hybridization
Embryos were cultured as described by Beck and Slack (1999) . Gut whole mounts were prepared as by Chalmers and Slack (1998) and in situ hybridizations were as described by Harland (1991) with modi®cations by Pownall et al. (1996) . IFABP probe synthesis has been described by Chalmers and Slack (1998) . Beck and Slack (1998) describe Xhox3 probe synthesis. Xcad1 and Xcad2 partial clones were a kind gift of H. Isaacs. Xcad1 antisense probe was made by cutting with NotI and transcribing with T7 RNA polymerase. Xcad2 antisense probe was made by cutting with NotI and transcribing with T7. Xsox2 was a kind gift of Y. Sasai, and the antisense probe was made by cutting with EcoRI and transcribing with T7.
